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Gen-IV:  
Pb or Pb-Bi Cooled �Battery� 

Concept Set, (L6)
Gen-IV Quarterly Meeting 

June 25-27, 2002
Boston, MA

- Description:
- Targeted Payoffs & Benefits of Recommended R&D 
- Technical Issues 
- R&D Needs (Viability R&D Phase)

Presenter:  David Wade (TWG-3)
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!

Description:  Pb, Pb-Bi Battery Concept 
Set, (L6)

Description
• Small (125 to 400 MWt)
• Transportable (Factory Built Turnkey Plant; Rapid Installation & revenue 

generation)
• Long Refueling Interval: 15-20y; (internal conversion ratio   1.0)
• Cassette or Entire Module refueling (Full service fuel cycle provider)

(No Refueling Equipment on Site)
• Derated Power Density (LWR range)  (Natural Circulation Cooled) 
• Passive Load Follow/Passive Safety (No safety Functions for BOP)

Options
• High Temperature:  Alternative Energy Products (Process Heat 

Hydrogen, O2, Desalinated water)

!
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Concept Set L6:  Small Lead or LBE Cooled 
Reactors, Cartridge Refueling, ~Pyroprocess
Recycle

Na: Title 1 design
Pb-Bi:  Concept design
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Related Near Term Industrial Interest in Battery Concepts:  Liquid metal; (Water offered for sale by OKBM; others)
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Targeted Payoffs:  Extended Client Base: 
Extended Products
Targeted Market Expansion
• Developing Country Clients

– Sparse Grid
– Tight Capital Availability
– No Interest (or capacity) to emplace a Full Fuel Cycle Infrastructure
– Nonproliferation Advantages to Community of Nations: Regional Fuel Cycle 

Centers (localized international oversight of bulk fuel and waste management)
• Merchant Plant Clients for New Energy Products in Deregulated Markets

– Hydrogen, Process Heat, Potable Water 
– Super safe/minimal staffing/urban siting
– Financial Conditions:  High interest/quick return on capital required

Benefits Derived by Developing L6 Concept Set in Gen-4
• L6 concepts fill impending Market Needs, complimentary to other Gen-4 concepts
• Numerous Innovations are Proposed -- which can benefit other Gen-4 concepts also:

– e.g., Supercritical CO2 Brayton Cycle (could benefit L1/L2 Na fast reactors) 
– Thermochemical Water Cracking (GFR, VHTR)
– Modern high temperature materials and fabrication (composites, coatings); mass 

production fabrication practices; lift pumps, direct contact and close coupled heat 
transport (benefits numerous concepts)

– Pb & Pb-Bi technology (leverages international interest: Europe, Japan, Russia)
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Geographical Distribution of Nuclear Electricity Demand (TWhe/yr) in the Scenario B Case3

3EEU = Central & Eastern Europe; LAM = Latin America; MEA = Middle East & North Africa; AFR = Sub-
Suharan & Southern Africa; CPA � Centrally Planned Asia & China; PAS = Pacific OECD (Japan, Australia, 
New-Zealand); SAS = South-East Asia; NAM � North America; WEU = Western Europe; PAU = Other Pacific 
Asia; FSU = Former Soviet Union

Ratio of hydrogen (H) to carbon (C) for global primary energy consumption 
since 1860 and projections for the future, expressed as a ratio of hydrogen 
to carbon (H/C).  SOURCE;  Ausubel (1996) and Marchetti (1985)>

Heat Supplied at ~725ºC in Step 1 and at ~575ºC in Step 4�

H2 released in Step 4: O2 released in Step 2�
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Global primary energy substitution from 1860 to 1982 and projections for the future, expressed in fractional 
market shares (F).  NOTE:  Smooth lines represent model  calculations and jagged lines are historical data.  
�Solfus� is a term employed to describe a major new energy technology, for example, solar or fusion. 
SOURCES:  Grübler and Nakićenović (1988) and Makićenović (1990)

UT-3 Process for Cracking Water 
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Targeted Payoffs Drive the Required 
R&D   

• New Energy Conversion → Need:  Raise Core Outlet Temperature
Approach: → Go to Pb Coolant

→ Go to Nitride Fuel 
→ Outcome: Need for Advanced Materials & Fuels 

→ Nitride Fuel Performance,
Recycle; Refab

→ Composites, ceramics, coatings
→ Outcome: Need New Energy Converters 

→ Water Cracking Plants
→ SC CO2 Brayton Cycles

• New Markets for Small → Need:  Overcome Loss of Economy of Scale
Turnkey Plants Approach: → High Efficiency Energy Conversion

(gas turbines, H2)
→ Mass Production 
→ Simplify/Reduced Components 

→ Outcome: Need for Advanced Fab/Construction
→ Advanced materials/forming/joining
→ Modularization
→ Simplified Fuel Fab

R&D

R&D 

R&D 
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Turbine Sizes

HOW SMALL IS SMALL?

ENHS2
Reference ENHS module 
with a cover-gas lift-
pump

ENHS1
Reference ENHS module 
without a lift-pump

Advantage of Recompression Supercritical CO2 Brayton
Cycle over the Helium Brayton Cycle
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Top Priority Technology-Based R&D  -(1)
• Inservice Materials Compatibility:  New Coolant New Temperatures, New 

Fuel
– R&D

:  Structures
:  Heat Exchangers :  Tube Interfaces

Pb or Pb-Bi/steam and     HBr + Steam / Steam
/ SC CO2 /  CO2
/ He                        /  He
/ Molten Salt               /  Molten Salt

– Materials candidates include advanced materials; advanced 
fabrication
Si C or Zr N composites or coatings
Vanadium alloys
Others
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Top Priority Technology-Based R&D      (2)
Energy Conversion Equipment/Processes
• New Options              :     Supercritical CO2 Brayton Cycle 

:     Ca-Br Water Cracking
:     Desalinization Bottoming cycles

• Required R&D 
– Materials (discussed above) 
– Sc CO2 Brayton Cycle :     Thermodynamic Optimization

Recuperator Design, IHX Design; 
Turbine Design

– Ca-Br Water Cracking         :      Materials (discussed above)
Ca Support
Properties of Reactants
Rate Constants
Flowsheet/Bench Scale/Prototype

– Desal Bottoming Cycle       :     Overall BOP Heat Balance 
Optimized Hybrid Cycles
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!

Top Priority Technology-Based R&D    (3)
Fuel Cycle
• Nitride Fuel:  High Potential for L6 Mission

– Compatible with Pb and good to high temperature
– High density; high thermal conductivity          Passive Safety

• Required R&D
– N15 Enrichment and Recovery during recycle 
– Pyro Recycle/Insitu Front End dissolution, and back end reconversion
– Vibro pac remote refabrication
– Fuel/Clad/Coolant Performance Testing

Properties: unirradiated; irradiated
Normal & operational transient testing
Upset Condition Testing
Severe Event phenomenology testing

– Cladding Options:  SiC or ZrN Composites, Ceramics, Coatings, Vanadium 
Alloys
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Major Institutional Issues:  
• Market Penetration is based on (for nuclear) institutional paradigm shifts 

– Goal 1:  Facilitate Nuclear as an energy supply component in developing world
• Small Turnkey Plants delivered ready to go

§ Small buyin cost; short time to revenue generation
§ BOP (No safety function) can be  built indigenously (local jobs)

• Full Service Fuel Cycle Services Provided by Regional Fuel Cycle Center 
(Consortia Owned by Clients); International Oversight

§ No expense of emplacing an indigenous fuel cycle infrastructure
§ Energy Security for Client; Nonproliferation Assurance for World

• Resulting Institutional Issues and paradigm shift 
§ Supplier assumes risk of supplying large quantities of a commodity 

product; client risk is reduced 
§ International consensus needed for acceptability of regional fuel cycle

centers � which also include waste management
– Goal 2:  Broaden Nuclear�s Role in Energy Products (H2, Water, Process Heat)

• Approach
– High Temperature, Super Safe Plants, for near urban siting (where the jobs 

are)
• Institutional Issues of Expanding Nuclear�s role beyond electricity only 

+ Link perception of  �Clean, sustainable� Nuclear Resource to �clean� 
emission free synthetic fuel (H2) � supplying nonelectric 2/3 or energy market

+ Prerequisite:  achieve perception of waste, cost issues of nuclear solved
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